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© Components and catalysts for the polymerization of olefins. 

© Catalysts for the polymerization of alpha-olefins which 
comprise the reaction product of: 

a) an Al-alkyl compound: 

b) a silicon compound containing at least a Si-OR or 
Si-OCOR or Si-NRj bond, R being a hydrocarbyl radical: 

c) a solid comprising as essential support a Mg dihalide in 
active form and supported therein a Ti halide or a 
halo-Ti-aicoholate and a particular type of electron 
donor compound. 
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DESCRIPTION 

The present invention refers to new supported compo- 
nents of catalysts for the polymerization of CH^CHR ole- 
fins wherein R is an alfcyl radical with 1 to 4 carbon atoms, 
or an aryl radical, and mixtures of said olefins with ethy- 
lene and the catalysts obtained from said components. 

The supported highly active and highly stereospeci- 
fic catalysts up to now known for the polymerization of 
Propylene and higher olefins, are obtained by the react 
ion of an Al-alkyl compound partially complexed with an 
electron donor compound (outside donor) with a solid com 
ponent comprising a Ti compound and an electron-donor 
compound (inside donor) supported on a Mg-halide in ac- 
tive form- 

• Examples of such catalysts have been described in 
British Patent No. 1 ,559 ,194 and Belgian Patent No. 
868,682. 

Outside donor consisting of silicon compounds con- 
taining Si-O-C bonds have been also described (Japanese 
patent application Sho 79/94590 and Sho 80/36203) . 
*uon g the various and numerous inside donors also com- 
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pounds as methylmethacrylate and ethyl pivalate have been cited. 
However in all the prior art catalysts in which a silicon 
compound containing Si-O-C bonds is used as outside donor, 
esters of benzoic acid and derivatives thereof are used as 
inside donor. 

The performance of the above catalysts , expressed in 
terms of activity and stereospecificity is not different 
from the performance of the catalysts in which ethyl ben 
zoate and similar esters of benzoic acid are used as out- 
side donor. 

It has now unexpectedly been found that it is possi- 
ble to increase the activity and stereospecificity of the 
prior art supported catalysts comprising as outside do- 
nor a silicon compound containing Si-O-C bonds by using 
as inside donor an ester having a particular structure. 

The catalysts of this invention comprise the product 
of reaction between the following components: 
a) an Al-trialkyl or an Al-alkyl compound containing 
2 or more aluminum atoms linked to each other 
through oxygen or nitrogen atoms or through S0 4 or 
SO groups ; 
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a silicon compound containing one or more Si-OR, 
Si-OCOR or Si-*R 2 bonds (R being a hydrocarbyl ra- 
dical) t 

a solid comprising, as essential support, an anhy- 
drous Mg-dihalide present in active form, and sup- 
ported on said dihalide a Ti-halide or a Ti-haloal- 

coholate and an electron-donor compound selected 

from the following groups of compounds: 

1) Mono and diesters of aromatic bicarboxyl acids 
having the COOH groups in orto position wherein 
the R hydrocarbyl radicals of the COOR groups 
contain less than 3 carbon atoms and at least 
one of said R radicals contains 2 carbon atoms. 

2) Esters of saturated and unsaturated carboxylic 
aci ds of formula RCOOR- wherein the. R hydrocarbyl 
radical is either a saturated or unsaturated bran 
ched radical containing from 3 to 20 carbon atoms 
or an arylalfcyl radical with 7 to 20 carbon atoms 
or an aryl radical with 3 to 20 carbon atoms link 

ed to the esteric carbonyl group directly or through 
a methylene group and in which R« is a hydrocarbyl 
radical with less than 3 carbon atoms. 
Compounds representative which are also the preferred are 
^following: diethylphthalate , methylethylphthalate , diethyl- 
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_ 2 ,3-naphthal.ndi=arbo*ylate. methyl and ethyl Prelate, 
nethyl and ethyl methacrylate . 

Afl indicated, the eaters of the polycarbccylic adds can 
contain besice the ester croups also unexterified C0OH 
groups * 

Ia sparine component =, the esters are contacted with 
active M g dlhalide or the precursors or said diha- 
lid es as preformed compounds or the esters can he ror.ed 
^ si tu hy M ans of Hnown reactions as for instance hy e 
3terif ication between an alcohol or an alcoholate and an 

mtester of a poly- 
aryl haiide or between an anhydride or an era 

cerboxylic acid with an alcohol or by transesterif ication . The 
esters can also be used in mixture with other Known inside donors. 
^ active anhydrous -M, dihalides formin, the essential 
support of component c, are the m dihalides showinc in 
th. X-ray powder spectre* of component c, a broadening of 
at ie«t 30* of the .est intense diffraction line which 
appears in the powder spectre* of the corresponding di- 
hal ide havin, 1 -V. of surface area or are the H, diha- 
lid es showin, a X-ray powder spectru* in which saia «* | 
intense diffraction line is replaced by a halo with the 
intensity pea* shifted with respect to the intervener 
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distance of the most intense line and/or are the Mg di- 

halides having a surface area greater than 3 m 2 /g. 

The measurement of the surface area of the Mg dihali 

des. is made on component c) after treatment with boiling 

Tid for 2 hours. The found value is considered as sur- 
4 

face area of the Mg dihalide. 

Very active forms of Mg dihalides are those showing a X- 
ra y powder spectrum in which the most intense diffraction 
line appearing in the spectrum of the corresponding hali- 
de having 1 m 2 /g of surface area is decreased in relati- 
ve intensity and broadened to form a halo or are those in 
which said most intense line is replaced by a halo having 
its intensity peak shifted with respect to the interpla- 
nar distance of the most intense line. Generally the sur 
face area of the above forms is higher than 30-40 m 2 /g 

and is comprised in particular between 100-300 m 2 /g. 

Active forms are also those deriving from the above 

forms by heat-treatment in inert hydrocarbon solvents and 

showing in the X-ray spectrum sharp diffraction lines in 

place of the halos. 

The sharp, most intense line of these forms shows a 

broadening of at least 30% with respect to the correspon 
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ding line of the Mg dihalide having 1 m 2 /g of surface 
area. Preferred Mg dihalides are Mg di chloride and Mg 
dibromide. The content in water of the dihalides is gene 
rally less than 1% by weight. 

For Ti halides or Ti haloalcoholates and esters 
supported on the active Mg dihalide is meant the above com- 
pounds which may be chemically or physically fixed on the 
support, not extractable from component c) by treatment of 
the same with boiling 1 , 2-dichloroethane for 2 hours . 

Components a) , b) and c) are made to react each o- 
ther in any order; preferably, however, components a) 
and d) are premixed before being contacted with compo- 
nent c) . 

Component c) may be premixed with either compo- 
nent a) and/or b) . The pre-mixing of a) and b) is con- 
ducted at temperatures comprised, usually, between room 
temperature and the temperature used in the polymerizat- 
ion process . 
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The pre-reaction of c) and b) may be carried out 
also at higher temperatures- Compound b) may be also in- 
corporated and made to react with component c) itself. 
Component b) is made to react in a molar ratio with res- 
pect to the halogenated Ti compound supported on compon- 
ent c) of at least 1 and in a molar ratio with respect the 
Al-alkyl compound used as component a) of less than 20 
and preferably comprised between 0.05 to 0.3. 

In component c) the molar ratio between the Mg diha- 
lide and the halogenated Ti compound supported therein is 
comprised between 1 and 500 and the molar ratio between 
said halogenated Ti compound and the electron-donor sup- 
ported on the Mg dihalide is comprised between 0.1 and 50. 
The silicon compounds set forth in b) include compounds 
of general formula: 

R SiY X 
m n p 

wherein : 

R is an alkyl, alkenyl , aryl , aryl alky 1 , cyclo alky 1 radi- 
cal with from 1 to 20 carbon atoms; 

y is a -OR', -OCOR', -NR 2 ' wherein R' , either equal to or 
different from R, has the same meaning as R; 
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x is either a halogen or hydrogen .to. or a -OCOR" , -NR ; 
gr ou P wherein R" , either equal to or different from 
R« , has the same meaning as R' ; 
B n and p are numbers co^rised respectively between: 
n between 0 and 3, a between 1 and 4 and p between 0^ and 
1 , and m+n+p is equai to 4 . 

Other silicon compounds that may be used are com- 
pounds in which two or more silicon atoms are bound to 
each other through oxygen or nitrogen atoms. 

Espies of these compounds are 
sismetrical oiphenyltetraethoxydisiloxane 
,C 2 B 5 0, ^i-O-CH^CH.-O-Si-.OC.H^ , 

C H C 6 H 5 
Preferred slLcn compounds are: Phenyl alfcoxysilanes 
as phenyltriethoxy or trimethoxysilane , aiphenyldimethoxy. 
Mi uiethorysilane, monochlorophenyldlethoxysilane, alxyl- 
alxoxysilanes as ethyltriethoxysilane , ethyltriisopropoxy- 



silane 



Examples of other suitable compounds are: chlorotrie- 



0045976 



tnoxysilane, acetoxytriethoxysilane, vinyltriethoxysilane , 
butyltriethoxysilane, triphenylmonoethoxysilane , phenyl- 

tricycloethoxysilane, phenyldiethoxydiethylaminbsilane . 

tetraphenoxysilane or tetralkoxysilanes as tetxamethoxy- 

silane. 

* In the catalysts of the invention the silicon com- 
pound is present in a combined form in the solid product 
of the reaction between the various catalyst- forming com- 
ponents , in a mclar ratio between the silicon compound and 

the halogenated Ti compound greater than 0.05 and generally 

comprised between 0.1 and 5. 

^ .;t.«~v . ^^^^^ 



0045976 

- 11 - 

The Al-alkyl compounds forming component a) inclu- 
des Al-trialkyls as for instance Al-triethyl , Al-triiso- 
butyl, Al-triiso?ropyl and compounds containing two or 
more Al atoms linked to each other through etero -atoms 
as: 

(C 2 H 5 ) 2 Al-0-Al (C 2 H 5 ) 2 , (C 2 H 5 ) ^-N-Al (C^) ^ 

C 6 H 5 

(C 2 H 5 ) 2 Al-0-|-0-Al(C 2 H 5 ) 2 . 

As indicated Al-alkyl compounds in which Al atoms are 
linked through groups as S0 4 or S0 3 are also suitable. 

The Al-alkyl compounds may be used in mixture with 
Al-alkyl halides as AlEt 2 Cl. 

Component c) is prepared according to known methods. 
One of these methods consists in co-milling the Mg hali- 
de and the electron-donor compound of this invention un- 
til the appearance in the X-ray spectrum of the milled 
product of the modifications above set forth for the spec 
trum of the Mg dihalide and thereafter reacting the mill- 
ed product with the Ti-compound. 

Preparations of this type are described in British Patent 
No. 1,559,194. 
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Similar preparations are described in U.S. Patents 
Sos. 4,107,413, 4,107,414 and 4,107,415. 

Another method consists in reacting the adduct of a 
Mg halide with an alcohol, with a Ti compound in the pre 
sence of an electron-donor compound not containing active 
hydrogen atoms. This method is described in Belgian Pa- 
tent No. 868,682. 

According to another method, which is described in 
published German application 3,022,738, the adduct bet- 
ween the Mg dihalide and the alcohol is reacted in liquid 
form with the halogenated Ti compound and the electron- 
donor compound . 

Further methods are described in published German 
application 2,924,029, U.S. Patent 4,220,554 as well as 
in Italian Patent Application No. 27.261/79. 

Another method consists in co-milling the Mg diha- 
lide, the halogenated Ti compound and the electron-donor 
compound until activation of the Mg dihalide and in treat 
ing a suspension of the milled product in a halogenated 
hydrocaroon as 1, 2-dichloroethane , chlorobenzene , methy- 
lene chloride, hexachloroethane . 

The treatment is carried out at temperatures comprise. 
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between 40°C and the bollin, point of the ^ate, hy- 
arccarnon for a time ran,in g in general from 1 to 4 hours. 

*ccordin 9 to another method a porous support ll*e 
Sio or W.O,. havin 9 a low content of OH ,roups (prefe- 
Jly less than 1* by wei 9 ht, is imprecated with a li-^d 
add uct between the Mc dihalide and - alcohol the sup- 
, ort is then treated with an excess of TiCl, containing . 
delved the electron-donor compound accordin, to the 
procedure described for instanoe in German patent appli- 
cation 3,022,738 or Belcian patent 868,682. 

I„ all the above methods the final product contains a 
m aihalide, present in the active for. as set forth here. 



aoove 



Oth.r *ncwu methods which lead to the formation of 
m aihalide in active for. or to Ti- contain^ « diha- 
iide supported components, in which the dihalide is pre- 
sent in active form, are based on the followin, reactions 
. reaction of a Grisnard rea^nt cr a « * 2 compound 
Ca bein g a hydrocarbyl radical) cr complexes of 
said Mg compounds with Al-trlalKyls. with halo g e- 
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nating agents as AlX_ or Al R X compounds (X is ha- 
3 m n 

logen, R is a hydrocarbyl m+n = 3) , SiCl^ or HSiCl 3 ; 
reaction of a Grignard reagent with a silanol or po- 
lysiloxane , K^O or with an alcohol and further reac- 
tion with a halogenating agent or with TiCl^ ; 
reaction of Mg with an alcohol and a halogenidric 
acid or of Mg with a hydrocarbyl halide and an alco- 
hol; - 

reaction of MgO with Cl 2 or AlCl 3 ; 

reaction of MgX 2 .nH 2 0 (X = halogen) with a haloge- 
nating agent or TiCl 4 ; 

reaction of Mg mono or di alcohol ate s or Mg carboxy- 
lates with a nalogenating agent. 

The Ti-halides or Ti-halogenalcoholates , include 
in particular the Ti-tetrahalides , Ti-trihalides and Ti- 
-trihalogenalcoholates . Preferred compounds are: TiCl 4 , 
Ti3r 4 » 2 ,6-dimethylphenoxytrichlorotitanium. 

The Ti-trihalides are obtained according to known 
methods, for instance by reduction of TiCl 4 with Al or 
a met allorganic Al compound or with hydrogen. 

In case of the Ti-trihalides it may be convenient 
for the purpose of improving the performance of the ca- 
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„lys« to carry out an oxidisation, even if partial, of 
tte titanium, either during, or after the preparation of 
component c) . 

IO this purpose there -ay he used havens, iodine ha- 
lides. 

P« f erred catalysts ere those in which: co^nent 
a)U ohtained from HgCl,. TiCi, and diethyl phthelates, 
' MtM l and ethyl Prelates and in which component h> 
i. phenyl or etbyltrietoxysilane or dlphenyldimethosy or 

diethoxysilane. 

component a, is an M-trial*yl as *l-triethyl or 

Al-triisobutyl . 

Component =, is prepared ac=ordin g the methods des 

«i b ed in Brit. Pat. So. Belgian patent «. 

868 652, Polished German applioation Ho. 2,924,02*, „,.. 
Pat ent 4.220.554. Xtalian Pat. *PPln. "."'^ or pu- 
blished German application 3,022,738. 

Th e preferred method of preparing component e> 
includes also the co-milling of TiCl, and the 

ester and in treating the milled product with a hern- 
iated hydrocaroon as 1 ,2-di=hloroethane. 
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The catalysts according to the invention are used to 
polymerize the alpha-olefins according to known methods 
that iS/ in carrying out the polymerization in a liquid 
phase, either in the presence or absence of an inert hy- 
drocarbon solvent, or in gas phase or also by combining, 
for instance, a liquid phase polymerization step with a 
step in gas phase. 

In general the temperature is comprised between 40° and 
160°C, but preferably between 60° and 90°C, operating ei- 
ther at atmospheric or at greater than atmospheric pres- 
sure . 

As a molecular weight regu-lator hydrogen or other 
regulators of a known type are used. 

The catalysts are used particularly suitable in po- 
lymerizing propylene , butene-1 , styrene, 4-methylpentene . 
The catalysts may also be used according known methods 
to polymerize mixtures of propylene and ethylene to form 
modified polypropylenes having better shock -resistance 
at low temperatures (the so called block copolymers of 
propylene and ethylene) or to obtain random crystalline 
copolymers of propylene with minor proportions of ethy- 
lene. 
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Th e follows examples are given for merelv iH-tra. 
tive purpose ana are no, intend to he in an, wa, limit- 
ing the scope of the invention. 

rvnvtPLES 1 i 

TTITs steel autoclave having a total volume of 
Into a stainless steex 

sl equipped — a magnetical stirrer ana a thermocouple 
at 6 C°C ana *ept under pressure by a ni- 
tto gen atmosphere, — introduced ,00. -X of a — 

pension in degassed - — * ~ ntalnln9 
nol s of triethylalumlnum, the phenyltriethosysllane^ana 

. solid catalytic component prepared accord to 

71 261/79, but using, instead 

pla 1 of Italian Pat. APPln- 27.261/79, 

of ethylbensoate. the esters U- - «*- ^ >~ 

p yl ene was also fe* in- The catalytic counts thus pre- 

J — a - -i r> which the most in- 
pared showed X-ray powder spectra, in whic 

, „„ in the spectrum of MgCl 2 
tense diffraction line appearing 

2 x is decreased in relative 

- having 1. « 2 /g of surface area 

intensity and broaaened to form a halo. 
^ closing the autoclave, hydrogen was introduced up 
to a oressure of 0.2 atmospheres, the temperature was 
hrought to 70°C and simultaneously, propylene was Intro- 
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duced u? to a total pressure of 7 atmospheres. 
During the polymerization the pressure was kept constant 
by continuous feeding of the monomer. After 4 hours, the 
polymerization was stopped by quick cooling and degassing 
of the polymeric slurry. The polymer was separated from 
the solvent by filtering and was dried in a hot nitrogen 
flow at 70°C. The quantity of polymer dissolved in the 
filtrate was thereupon isolated, weighed and summed to 
the polymer soluble in boiling n-heptane . for the calcul- 
ation of the isotacticity index (II). 

The quantity of catalytic component used and the content 
of Ti in said component, the molar ratio of the phenyl- 
trietoxysilane with respect to the triethyl aluminium, the 
yield in polymer with respect to the introduced catalytic 
component, the isotacticity index (I. I.), the surface area 
of the solid catalytic component and the inherent viscosi- 
ty determined in tetralin at 135°C, have all been reported 
in Table I. 
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EXAMPLE 3 

— j-_ m solid catalytic ccanpon 

Example 1 was repeated but using a 

ent prepared as follows. 

anhydrous MgCX^. - Xisted In TaoXe XX. and TiCX, 

ln Ml ar ratio of 1.1 with resect to the ester, was corona 

in a vibrating 1U of the type TOMTOM manufactured by 

H v TE«a-S. Gravenhage (HolXand, . having a total .oXu^e 

of one Xiter and containing 3 Hg of • stainXes. steeX haXXs 

of 16 mm diameter. 

* filiing coefficient egoai to 100 g/g of totaX voXu*e (vacuum, 
w „ used. The interior temperature of the miXl was 2S°C, 
and the grinding time was of 72 hours. 

Charging of the *iXi. the grinding and discharging of 
the miXX occurred in a nitrogen atmosphere. 

10 g of the_co-ground, Product was contacted with. 100 
of 1( 2-dichi6roethane at 80°C for 2 hours. 

A ,ter this period. 1 ,2-dichXoroethane was reeved hy fiX- ' 
trat ion at 80°C and the residua! soXid product was repea- 
t8dX y washed with n-heptane at room te^erature tiXX the 
disappearance of the chXorine ions fro, the fiXtrate and 
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then was kept in heptanic suspension. 

The catalytic components thus prepared showed a X-ray pow 
der spectrum in which the most intense diffraction line 
appearing in the spectrum of MgCl, having 1 m 2 /g of surface 
area was decreased in relative intensity and broadened to 
form a halo. 

The ester, the characteristics of the solid cata- 
lytic component, and the results of polymerization test 
have been reported in Table II- 

Kxa^ple 1 -as repeated but using a solid catalytic =-P= 
nent prepared according to E =cas*le 3 of Italian: Patent 
Appln. HO. 26,908 V78. 

A . solid addact MgCl, . 3 ' C-.H..0H in the form of spherical 
particles were slowly added, in a suspension of an addnct 

lid -ester using molar ratios Mg/ester of 6 and 

4 - - ~ 

'"ii^/C^OH Of 12. 

The whole was then heated at 100°C, kept at said tempera- 
ture for 2 hours and then filtered at 100°C. The result- 
ing solid product was treated with 110 ml of TiCl 4 at 
12 0°C for 2 hours. After this period, TiCl, was reeved 
by filtration and the solid was then washed with n-heptane 
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at tenure, decrease from 90°C to r- tez*era*»re 
.til the chlorine ion disappeared and then *ept in hep- 
tanic solu-tion. 

^ catal^lc =or*onent thus prepared shoved the sams 
x - ray spectrum of the catalytic component of Ezam- 

'Z later . the characteristics of the solid catalytic 
^onent and the results of the polarization tests 
have been reported in Table I. 

• cog Earatia E v»"»t. ES 1 and 2 

Examule 1 was repeatedbut usl» 9 the solid catalytic 
nent prepared according to example 1 of Italian Pat. *PPl. 
so. 27,261/79. The X-ray powder spectrum was similar to 
that of catalytic component of Example 1. 

T he results of the polymerization testa have been report- 
ed in Table I. 



0045976 



Com parativ e EXAMPLE 3 

Example 4 was repeatedbut using a solid catalytic compo 
nent prepared according to Example 3 of Italian Pat. Appl. 
26.908 A/78. The X-ray spectrum of that catalytic compo- 
nent was similar to those of Examples 1-2. The. charac- 
teristics of the solid product and the results of the po- 
lymerization tests have been reported in Table !• 
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A .olid component to be used in combination with an 
ja-Alkyl co-pound and a silicon compound containing 
one or more Si^B. Si-OCO* — «-"»2 b ° ndS ■» ^ 
a bydrocarbyl radical) to form catalysts for the po- 
lymerization of alpha olefins comprising an anhy- 
ar ous «g dihallde in active form, as essential sup- 
port, and supported on said Mg dihalide a Ti-hallde 
or Ti-haloalcoholate and an electron-donor compound 
selected from the following groups of compounds: 
,., Mono and diesters of aromatic bicarbo*yli= acids 
navin, the C0OB groups inortho position , wherein 
to e R hydrocarbyl radicals of the COOR groups 
contain less than 3 carbon atoms and at least 
one of said radicals contains 2 carbon atoms. 
,.2 Esters of saturated and unsaturated carboxyl- 
ic acids of formula RC00R' wherein the R hydro- 
carbyl radical is either a saturated or unsaturated 
branched radical containing from 3 to 20 carbon 
atom* or an arylal*yl radical with 7 to 20 
oaroon atom, or an aryl radical with 3 to 20 carbon 
atoms and in which the R' is a hydrocarbyl radical 
with less than 3 carbon atoms. 
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2) A solid =™p»«t as ^ U CW. H m "** 

tte „, dlhalide is Mg dichloride and H, dihronide. «- 
*. halide is a Tl-tetrahalide and the electron donor 
conP ound is diethylphthalate. -ethyl - ethylpi«- 
U«. ~thyl and ethyl -ethacxylaf. 

» Catalysts tor the polarisation of alpha olerins 

co^rlsin, the product or reaction or the roll-in, 
com?oi» ents •■ 

„ n-aikvl compound contain- 
a) an Al-trialkyl or an Al-aixyi com^ 

ing 2 or more Al ato»s linKed to each other 
^ough an oxygen or nitrogen ato* or through 
S0 4 or S0 3 groups; 
„, a silicon consonnd containing on. or more Si-OK. 
sl0 COK or Si-»* 2 hond. » being a hydrocarhyl ra- 
dical; 
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c) a solid component as defined in claims 1) to 3). 

4) Catalysts as defined in claim 3) in which the silicon 
compound of component b) is a .phenyl trialkoxysilane 
or a diphenyldialkoxysilane or an alkyl di- or trial - 
koxysilane . 

5) Catalysts as defined in claim 4 ) in which component 
c) is the solid component as defined in claim 2) . 

6) Process for the polymerization of alpha olefins 

CH 2 « CHR in which R is an alkyl radical with 1 to 4 C 
or an aryl radical and mixtures of said olefins with 
ethylene, characterized in that the polymerization 
process is carried out in liquid phase in presence or 
not of an inert hydrocarbon solvent or in gas phase 
in presence of a catalyst as defined in claims 3} to 5) . 

7) Polymers of alpha olefins obtained with the process of 
claim 6) . 

LZ/cv 



